US009341897B2

a2z United States Patent (10) Patent No.: US 9,341,897 B2

Son et al. (45) Date of Patent: May 17, 2016
(54) LIQUID CRYSTAL DISPLAY USPC oo 349/106, 153, 155, 190
1) See application file for complete search history.

Applicant: Samsung Display Co., Ltd., Yongin
(KR)

(72) Sun-Kwun Son, Gunpo-si (KR);
Sang-Moon Moh, Hwaseong-si (KR);
Jin-Suk Seo, Cheonan-si (KR); Mi-Sun
Lee, Goyang-si (KR); Hye-Rhee Han,

Suwon-si (KR)

Inventors:

(73) Assignee: Samsung Display Co., Ltd., Yongin-si

(KR)
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by O days.

@
(22)

Appl. No.: 14/734,382

Filed: Jun. 9, 2015

(65) Prior Publication Data
US 2015/0268505 Al Sep. 24, 2015
Related U.S. Application Data

Division of application No. 13/210,921, filed on Aug.
16, 2011, now Pat. No. 9,081,236.

(62)

(30) Foreign Application Priority Data

Mar. 4,2011  (KR) coeeveieneeeeeenene 10-2011-0019395

(51) Int.ClL
GO2F 1/1333
GO2F 1/1339
GO2F 1/1335

U.S. CL
CPC ......... GO2F 1/13394 (2013.01); GO2F 1/1339
(2013.01); GO2F 1/133345 (2013.01); GO2F
1/133512 (2013.01); GO2F 1/133516 (2013.01)

Field of Classification Search

CPC ..o GO2F 1/1339; GO2F 1/1341;, GO2F
1/133512; GO2F 1/13392; GO2F 2001/13396;
GO2F 1/133351

(2006.01)
(2006.01)
(2006.01)
(52)

(58)

D2

(56) References Cited
U.S. PATENT DOCUMENTS

5/2003 Hsieh .....ccooovenn. GO2F 1/1362
349/43

6,558,971 B2*

10/2003 Ikemoto et al.
(Continued)

6,638,694 B2

FOREIGN PATENT DOCUMENTS

JP 1980-88026
JP 11-326883

7/1980
11/1999

(Continued)
OTHER PUBLICATIONS

Non-Final Office Action issued Apr. 8, 2014, in U.S. Appl. No.
13/210,921.

(Continued)

Primary Examiner — Hoan C Nguyen
(74) Attorney, Agent, or Firm — H.C. Park & Associates,
PLC

(57) ABSTRACT

A liquid crystal display includes: a first substrate including a
first through-hole; a second substrate facing the first substrate
and including a second through-hole corresponding to the
first through-hole; a sealant coupling the first substrate and
the second substrate; a liquid crystal layer disposed between
the first substrate and the second substrate; a spacer disposed
between the first substrate and the second substrate; and a
supporting assistance member including a third through-hole
connected to the first through-hole and the second through-
hole, wherein the supporting assistance member includes a
first supporting assistance member made with the same mate-
rial as the spacer.
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1
LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a Divisional of U.S. patent application
Ser. No. 13/210,921, filed on Aug. 16, 2011 and claims pri-
ority from and the benefit of Korean Patent Application No.
10-2011-0019395 filed on Mar. 4, 2011, which is hereby
incorporated by reference for all purposes as if fully set forth
herein.

BACKGROUND OF THE INVENTION

1. Field

The following description relates to an apparatus including
a liquid crystal display.

2. Discussion of the Background

Liquid crystal displays (LCDs) are one of the most widely
used flat panel is displays, and an LCD includes a pair of
panels provided with field-generating electrodes and a liquid
crystal (LC) layer interposed between the two panels. The
LCD displays images by applying voltages to the field-gen-
erating electrodes to generate an electric field in the LC layer
that determines the orientation of LC molecules therein to
adjust polarization of incident light.

Liquid crystal displays are applied to various portable
products such as mobile phones, personal portable terminals,
and laptops. Portable products include devices having a func-
tion such as cameras, microphones, and modules. Modules
are inserted into a through-hole and are supported by a seal-
ant.

However, there is a limit in reduction of an area occupied
by the sealant supporting the through-hole by a coating char-
acteristic of the sealant when forming the through-hole by
using the sealant. Also, when a separate process to reduce the
size of the area is added, the manufacturing process becomes
more complicated.

SUMMARY OF THE INVENTION

Exemplary embodiments of the present invention provide a
liquid crystal display and a manufacturing method simplify-
ing a manufacturing process while minimizing an area of a
supporter supporting a through-hole.

Additional features of the invention will be set forth in the
description which follows, and in part will be apparent from
the description, or may be learned by practice of the inven-
tion.

An exemplary embodiment of the present invention dis-
closes a liquid crystal display includes: a first substrate
including a first through-hole; a second substrate facing the
first substrate and including a second through-hole corre-
sponding to the first through-hole; a sealant is coupling the
first substrate and the second substrate; a liquid crystal layer
disposed between the first substrate and the second substrate;
a spacer disposed between the first substrate and the second
substrate; and a supporting assistance member including a
third through-hole connected to the first through-hole and the
second through-hole, wherein the supporting assistance
member includes a first supporting assistance member made
with the same material as the spacer.

A method for manufacturing a liquid crystal display
according to the present invention includes: forming a sup-
porting assistance member on a first substrate, the supporting
assistance member comprising a first through-hole; coupling
a second substrate and the first substrate together, the second

15

20

40

45

2

substrate contacting the supporting assistance member; and
attaching an etching layer to the first substrate and the second
substrate; forming a second through-hole and a third through-
hole in the first substrate and the second substrate, respec-
tively, wherein the second through-hole and the third
through-hole are connected to the first through-hole.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is atop plan view of a liquid crystal display accord-
ing to an exemplary embodiment.

FIG. 2 is an enlarged view of a portion A of the liquid
crystal display shown in FIG. 1.

FIG. 3 is a cross-sectional view taken along the line III-1II
of FIG. 2.

FIG. 4 is a flowchart showing a manufacturing sequence of
aliquid crystal cell for a liquid crystal display according to an
exemplary embodiment.

FIG. 5 is a cross-sectional view of area 50 of FIG. 1.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

The invention is described more fully hereinafter with ref-
erenceto the accompanying drawings, in which embodiments
of'the invention are shown. This invention may, however, be
embodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein. Rather,
these embodiments are provided so that this disclosure is
thorough, and will fully convey the scope of the invention to
those skilled in the art. In the drawings, the size and relative
sizes of layers and regions may be exaggerated for clarity.

It will be understood that when an element or layer is
referred to as being “on”, “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numbers refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

A liquid crystal display according to an exemplary embodi-
ment of the present invention will be described with reference
to FIG. 1-FIG. 5.

FIG. 1is atop plan view of a liquid crystal display accord-
ing to an exemplary embodiment.

In an exemplary embodiment, a liquid crystal display
includes a lower panel 100 and an upper panel 200 facing each
other and a liquid crystal layer (not shown) interposed there
between. The lower panel 100 and the upper panel 200
together form a liquid crystal panel assembly 300.

Meanwhile, in a view point of a plane structure, the lower
panel 100 and the upper panel 200 include a display area 50
for displaying an image and a peripheral area 60 surrounding
it.

The display area 50 includes a plurality of signal lines (not
shown) and a plurality of pixels (not shown) connected
thereto and arranged approximately in a matrix.

The signal lines are provided in the lower panel 100, and
include a plurality of gate lines (not shown) transmitting a
gate signal (referred to as “scanning signal”) and a plurality of
data lines (not shown) transmitting a data voltage.

Each pixel includes a switching element (not shown) such
as a thin film transistor connected to the signal lines, a pixel
electrode (not shown) connected to the switching element and
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formed in the lower panel 100, a common electrode (not
shown) formed in the upper panel 200, and a liquid crystal
layer (not shown). The pixel electrode receives the data volt-
age through the switching element. The common electrode is
formed on the whole surface of the upper panel 200 and
receives the common voltage (“Vcom™).

If the gate line is applied with the gate signal, the data
voltage is applied to the pixel electrode of the lower panel 100
through the data line, and the pixel electrode forms an electric
field to the liquid crystal layer along with the common elec-
trode of the upper panel 200 applied with the common volt-
age. Thus, the degree of polarization of light incident to the
liquid crystal layer is changed according to the inclination
degree of liquid crystal molecules of the liquid crystal layer
and the change of polarization is represented as a change of
transmittance by a polarizer, and thereby a LCD displays an
image.

The peripheral area 60 includes a first peripheral area 61
formed in both the lower panel 100 and the upper panel 200,
and a second peripheral area 62 formed in only the upper is
panel 200 and exposing the lower panel 100. The second
peripheral area 62 is disposed around the first peripheral area
61.

A sealant 310 is formed in the first peripheral area 61. The
sealant 310 combines and fixes the lower panel 100 and the
upper panel 200 and encloses the liquid crystal layer. The
sealant 310 is formed based on the circumference of the
display area 50, and may include conductive balls (not
shown) having conductivity.

A gate driver 400 and a data driver 500 are positioned in the
second peripheral area 62. The gate driver 400 is connected to
the gate lines of the display area 50, and applies gate signals
obtained by combining a gate-on voltage (“Von™) for turning
on a switching element and a gate-off voltage (“Voff”) for
turning off the switching element to the gate lines. The data
driver 500 is connected to the data line of the display area 50
and applies the data voltage to the data lines. The gate driver
400 and the data driver 500 may be directly mounted on the
lower panel 100 in the second peripheral area 62 in the form
ofat least one integrated circuit (IC) chip, may be mounted on
a flexible printed circuit film (not shown) as a tape carrier
package (TCP) type that is attached to the lower panel 100, or
may be integrated in the lower panel 100 along with the thin
film transistor.

FIG. 2 is an enlarged view of a portion A of the liquid
crystal display shown in FIG. 1. FIG. 3 is a cross-sectional
view taken along the line III-I1I of FIG. 2.

Referring to FIG. 2 and FIG. 3, a supporting assistance
member 30 is positioned between a lower substrate 110 and
an upper substrate 210.

The supporting assistance member 30 is disposed between
the sealant 310 and a cutting line CL.1 of the lower substrate
110, and forms a cylinder including a through-hole 10. The
supporting assistance member may contact the sealant 310, as
shown in FIG. 2. In an is exemplary embodiment, the sup-
porting assistance member 30 may be separated from the
sealant 310.

In an exemplary embodiment, when forming the cylindri-
cal through-hole 10, the pressure applied to the supporting
assistance member 30 is uniform compared with a conven-
tional quadrilateral supporting assistance member having a
cylindrical shaped through-hole, in which distances from the
center of the through-hole to the edges of the quadrangle are
different. In an alternative exemplary embodiment, the sup-
porting assistance member 30 may be quadrangular shaped
and the through-hole 10 may also be a quadrangular shaped.
For example, the supporting assistance member 30 and the
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through-hole 10 may be prism shaped. By forming the
through-hole 10 and the supporting assistance member 30 of
the same shape, the pressure applied to the supporting assis-
tance member 30 when forming the through-hole 10 may be
uniformly maintained.

In an exemplary embodiment, the diameter D1 of the
through-hole 10 may be in the range 0of 3.65 mm to 5.65 mm,
and the width D2 of the supporting assistance member 30 may
beinthe range of 0.5 mmto 0.7 mm. In an exemplary embodi-
ment, the width of the supporting assistance member 30 is
formed of an area based on the resolution of a light exposer to
reduce the area. However when the supporting assistance
member 30 is less than 0.5 mm, it may not endure the pressure
of'the upper and the lower substrates. When a material of the
supporting assistance member 30 becomes to be stronger, a
width of the supporting assistance member 30 may be less
than 0.5 mm.

The supporting assistance member 30 contacts a lower
substrate 110 and an upper substrate 210 thereby supporting
the two substrates. The supporting assistance member 30
includes a first supporting assistance member 304, a second
supporting assistance member 304, is and a third supporting
assistance 30c. In exemplary embodiments, the height of the
supporting assistance member 30 may be changed based ona
cell gap, and may be in the range of 3.0 pm to 4.0 um.

The first supporting assistance member 30a is positioned in
the display area, and may be made of the same material as a
spacer maintaining the interval between the lower substrate
110 and the upper substrate 210.

The second supporting assistance member 305 used to
assist the first supporting assistance member 30a may be at
least one of an edge light blocking member preventing light
leakage between the pixels and external light from being
incident to the liquid crystal layer, a red color filter, a green
color filter, and a blue color filter. The third supporting assis-
tance member 30c¢ may be at least one of: an insulating mate-
rial layer and a metal layer such as a gate line and a data line
that are formed in the display area. In an exemplary embodi-
ment, the insulating material layer may be made of silicon
oxide, silicon nitride, or an organic material having a low
dielectric ratio such as a gate insulating layer and a passiva-
tion layer. The second supporting assistance member 305 and
the third supporting assistance member 30c may be variably
formed based on the layer that is formed on the upper sub-
strate 210 and the lower substrate 110.

A common electrode, an alignment layer, a light blocking
member, a plurality of insulating layers, pixel electrodes, and
metal wires may be positioned on or under the spacer in the
display area, the size of the cell gap may be changed accord-
ing to layers formed at a portion where the spacer is posi-
tioned, and therefore the second supporting assistance mem-
ber 305 and the third supporting assistance member 30¢ may
be selectively formed on or under the first supporting assis-
tance member 30a.

A silicon layer may be formed on the inner surface of the
supporting assistance is member 30. When forming the sup-
porting assistance member 30 by etching, the inner surface of
the supporting assistance member 30 may be damaged, how-
ever the silicon layer is formed at the damaged portion such
that the inner surface may be uniform. In exemplary embodi-
ments, the silicon layer may be omitted.

A manufacturing method of a liquid crystal display will be
described with reference to FIG. 4 as well as FIG. 1 and FIG.
2.

FIG. 4 is a flowchart showing a manufacturing sequence of
aliquid crystal cell for a liquid crystal display according to an
exemplary embodiment. FIG. 5 is a cross-sectional view of
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area 50 of FIG. 1 and is depicted to assist in explaining a
manufacturing sequence of a liquid crystal display according
to an exemplary embodiment.

Referring to FIG. 4, lower and upper mother substrates are
formed, in operations S100 and S102, respectively. The upper
mother substrate may include acommon electrode and a color
filter. In exemplary embodiments, the color filter may be
formed on the lower mother substrate. The lower mother
substrate may include a pixel electrode and a thin film tran-
sistor corresponding to the common electrode and the color
filter of the upper mother substrate.

In operation S104, a spacer of cylindrical shape, and a
supporting assistance member are formed on one of the upper
or lower mother substrates through a photolithography pro-
cess. The supporting assistance member is positioned at a
portion corresponding to the position of a light blocking
member formed on the lower or upper mother substrate.

In exemplary embodiments, the supporting assistance
member is simultaneously formed with the same material as
the spacer and therefore an additional formation process is
not required. The spacer and the supporting assistance mem-
ber are formed through the photolithography process.
Through the photolithography process the pattern size may be
is controlled as a micro-unit in comparison with forming the
through-hole 10 in a sealant, thereby the area occupied by the
through-hole 10 may be lowered. If the spacer has photosen-
sitivity, it may be patterned by using a photo-process.

In operation S106 a sealant made of a material to combine
the upper and lower mother substrates, to define a region
where a liquid crystal is filled, and to prevent the liquid crystal
from leaking is applied. The sealant may be a light hardening
material or a thermal hardening material.

In operation S108, the liquid crystal is dripped onto the
region defined by the sealant to form a liquid crystal layer. In
an exemplary embodiment, the liquid crystal cell may be
pre-formed and the liquid crystal may be inserted into the
liquid crystal cell.

In operation S200, the upper and lower mother substrates
are combined by aligning and loading the upper and lower
mother substrates into a press apparatus. The sealant hardens
to combine the upper and lower mother substrates.

The upper and lower mother substrates are cut at cutting
lines to divide the combined upper and lower mother sub-
strates into individual liquid crystal cells in operation S300.

Referring to FIG. 2, the supporting assistance member 30
is positioned between the cutting line C1 and the sealant 310
of the upper substrate 210 of the upper panel 200.

In operation S400, a through-hole is formed in the upper
substrate and the lower substrate of the liquid crystal cell. As
shown in FIG. 5, the through-hole of the substrate is formed
by attaching an etching layer 20 including an etchant onto the
outer surface of the substrates 110 and 210. The etching layer
20 is an adhesive film which includes a material that has
adhesion and etching properties. This material may be made
of an etchant using a hardening is resin, a light polymerizing
initiator, a hard setting adhesive made of a sensitizer, an
organic silicate compound, and additives.

The etching layer 20 is formed to be positioned at a portion
corresponding to the through-hole 10 of the supporting assis-
tance member 30 such that the through-hole of the substrate
and the through-hole of the supporting assistance member
may be connected. Next, a module such as a camera or a
microphone is inserted into the through-hole.

According to an exemplary embodiment, the process of
forming the through-hole may be simplified and the area
occupied by the through-hole may be reduced in comparison
with a through-hold formed in just the sealant.
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According to an exemplary embodiment, the through-hole
of the substrate is formed using an etching layer and advan-
tageously simplifies the manufacturing process.

It will be apparent to those skilled in the art that various
modifications and variation can be made in the present inven-
tion without departing from the spirit or scope of the inven-
tion. Thus, it is intended that the present invention cover the
modifications and variations of this invention provided they
come within the scope of the appended claims and their
equivalents.

What is claimed is:
1. A method for manufacturing a liquid crystal display,
comprising:

forming a supporting assistance member on a first sub-
strate, the supporting assistance member comprising a
first through-hole;

coupling a second substrate and the first substrate together,
the second substrate contacting the supporting assis-
tance member;

attaching an etching layer to the first substrate and the
second substrate; and

forming a second through-hole and a third through-hole in
the first substrate and the second substrate, respectively,

wherein the second through-hole and the third through-
hole are connected to the first through-hole.

2. The method of claim 1, wherein

the etching layer comprises an etchant for etching the first
substrate and the second substrate.

3. The method of claim 1, further comprising:

forming a sealant on one of the first substrate and the
second substrate,

wherein the first through-hole is disposed between the
sealant and a cutting line of the first substrate.

4. The method of claim 1, further comprising:

forming a spacer between the first substrate and the second
substrate,

wherein the supporting assistance member is formed of a
plurality of insulating layers, and at least one insulating
layer is formed with the same material as the spacer.

5. The method of claim 4, further comprising:

forming a light blocking member on one of the first sub-
strate and the second substrate; and

forming a color filter on one of the first substrate and the
second substrate,

wherein at least one of the insulating layers is formed ofthe
same material as at least one of the light blocking mem-
ber and the color filter.

6. The method of claim 1, further comprising:

forming a light blocking member on one of the first sub-
strate and the second substrate; and

forming a color filter on one of the first substrate and the
second substrate,

wherein the supporting assistance member is formed of a
plurality of insulating layers and at least one of the
insulating layers is formed of the same material as at
least one of the light blocking member and the color
filter.

7. The method of claim 1, wherein

the supporting assistance member and the third through-
hole are substantially quadrangular shaped.

8. The method of claim 7, wherein

the supporting assistance member and the third through-
hole are substantially prism shaped.

9. The method of claim 1, further comprising:

forming a sealant on one of the first substrate and the
second substrate,
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wherein the first through-hole is disposed between the
sealant and an edge of the first substrate.
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